This paper mainly compares the electroreduction of p-nitrophenol by different surfactantmodified chemical electrodes. Four surfactants were prepared to modify the glassy carbon electrode, including a cationic surfactant (CTAB), an anionic surfactant (SDBS) and two nonionic surfactants (Tween 80, OP-10). Each modified electrode was applied to detect the p-nitrophenol in sodium acetate buffer solution, and the reduction peak current and reduction peak potential of p-nitrophenol were measured by linear sweep voltammetry under different concentrations of each surfactant. The results show that the cationic surfactant reduced the peak current, reaching the optimal effect at the concentration of 2.95×10-4 mol/L; the anionic surfactant and nonionic surfactants reduced the peak current, and the reduction effect depends on the micelle effect of the surfactants and other factors; the cationic surfactant suppressed the reduction peak potential at concentrations of 0 ~ 2×10-4 mol/L, while the other three surfactants cannot reduce the reduction peak potential; the CTAB was proved as the most sensitive material for detecting p-nitrophenol on electrode surface. This research provides a valuable reference for the design of p-nitrophenol sensors.
INTRODUCTION
Many surfactants have been adopted to modify electrodes to improve their sensitivity. In recent years, the sensitization mechanism of surfactants has become a research hotspot. Below is a brief review of some of the most representative works.
Azzam et al. [1] synthesized two nanocomposite catalysts, namely, TiO2@CNTs/AgNPs and TiO2@CNTs/AgNPs/C10, to modify electrodes, confirmed that the surfactant C10 improved the dispersion and surface interaction of AgNPs on TiO2@CNTs, forming an effective photocatalytic site, and found that TiO2@CNTs/AgNPs/C10 exhibited superior photodegradation of methylene blue dye. Dos Santos et al. demonstrated that the DAAMPV resin could adsorb a large amount of p-nitrophenol in wastewater quickly [2] [3] [4] [5] [6] [7] . some scholars discovered that the additional bio-degradation measure increases the degradation rate of p-nitrophenol by 88.5% in soil aquifer treatment system from the level of abiotic method [8, 9] .
With the aid of the electro-Fenton process, some scholars successfully degraded p-nitrophenol in water with CNTmodified nickel foam electrode, and concluded that the porosity of the CNT enhanced the electro-Fenton effect, making the electrode highly reusable [10] [11] [12] [13] [14] . Through structural and morphology analysis, related researches compared the nickel foam system and cooper foam system in p-nitrophenol degradation, and confirmed that the latter has the better degradation effect but the former has the better stability [15] [16] [17] [18] [19] [20] [21] .
Vervald et al. [22] studied the influence of interactions of hydrophobic and hydrophilic nano-diamonds with ionic surfactant sodium octanoate in water on hydrogen bonds, the properties of the surfactant and micelle formation, and attributed the influence partially to the creation of the chaotic state in the surfactant solutions if two or more incompatible types of interactions between nanoparticles' surfaces and surfactants are similarly favorable, e.g. hydrophobic interaction and Coulomb attraction. Chen et al. [23] designed a series of novel sodium medium alkyl chain PPO-b-PEO sulfates (C8PpEeS), and found that the properties of C8PpEeS are dominated by the dynamic amphipathcity and assisted by the rugby ball shape of the molecules because of both being driven by the dynamic biphasic affinity of the PPO coil in response to the external environment. Karthick et al. [24] held that nanoparticle (NP) stabilized foam has emerged as an effective remediation strategy, and highlighted the necessity to investigate the effects of physicochemical properties of NP on soil remediation.
Garcia et al. [25] experimentally proved that aquatic toxicity of oligomeric cationic surfactants depends on their hydrophobicity and increases regularly with the alkyl chain length; however, whether the surfactant is a dimeric or a trimeric betaine ester does not affect their acute toxicity to crustacean. Trinh et al. [26] suggested that the attraction of surfactants to membranes is not related to the extent of membrane fouling but to the magnitude of the repulsive energy.
To sum up, the previous research on surfactant modified electrodes has concentrated on hydrocarbon bio-organisms like amino acids or carbon nanotubes. There is no report on the application of these electrodes on phenols. To make up for the gap, this paper modifies the glassy carbon electrode with different surfactants, and uses the modified electrode to degrade the p-nitrophenol in sodium acetate buffer solution. The reduction peak currents of p-nitrophenol were measured at different concentrations of each surfactant.
METHODOLOGY

Instruments and reagents
The main instruments are as follows: CHI660D electrochemical workstation (Shanghai Chenghua); ME104 electronic balance (Mettler-Toledo); PSC-3C digital display desktop pH meter (Shanghai Yueping); auxiliary electrode (REX); reference electrode (REX); glassy carbon working electrode (3mm) (REX).
As for the reagents, the sodium acetate buffer was formulated with anhydrous sodium acetate; the cetyltrimethylammonium bromide (CTAB) was selected as the cationic surfactant; the sodium dodecylbenzene sulfonate (SDBS) was adopted as the anionic surfactant; Tween-80 was chosen as the nonionic surfactant; OP-10 was purchased as the emulsifier; the test water is secondary deionized water.
Experimental procedure
Electrode preparation
(1) Rotate the glassy carbon electrode on the suede in the shape of an eight or clockwise (counterclockwise), place a small amount of nano-Al2O3 powder (0.05μm) on the suede and a few drops of deionized water, and polish the electrode into a mirror surface.
(2) Immerse the polished electrode in 15mL secondary deionized water, 15mL 1:1 HNO3 solution, 15mL absolute ethanol solution, and then in 15mL secondary deionized water for 5min, in turn, to thoroughly clean the electrode. At this point, the desired electrode is made and ready for use.
Solution preparation
(1) Preparation of buffer solution (NaAc-HAc): Weigh about 8.2033g anhydrous sodium acetate, stir it in a beaker and pour it into a 1,000mL volumetric flask to obtain a 0.1 mol/L NaAc solution; use Nac solution with HAc solution after adjusting the pH to 5. The pH can be adjusted as needed in the experiment.
(2) Preparation of standard solution (0.01 mol/L pnitrophenol): Take 0.1370g p-nitrophenol solids, dilute them in a 100mL volumetric flask, and shake the flask well. Dilute and shake stepwise before use.
(3) Preparation of surfactants (0.001 mol/L CTAB and SDBS): Weight 0.0914g CTAB, 0.0873g SDBS, 0.00910g Tween-80 and 0.1617g OP-10, and dilute them in a 250mL volumetric flask and shake the flask well. Dilute and shake stepwise before use.
EXPERIMENTAL RESULTS AND DISCUSSION
The effect of pH
In the 0.1 mol/L NaAc-HAc buffer solution, the pH was controlled by adjusting the HAc concentration, and the relationship between the peak current and the pH of pnitrophenol reduction was studied by linear sweep voltammetry. The results in Table 1 show that the peak current decreased with the growing pH, indicating that the H + in the solution accelerates the redox reaction of p-nitrophenol. Table 1 . Relationship between peak current and pH value of p-nitrophenol reduction pH 4.0 4.5 5.0 5.5 6.0 1×e -5 A 7.212 6.593 6.233 6.684 5.565
As shown in Table 1 , with the decrease in the pH of the solution, the absolute value of the reduction characteristic peak shifted from large to small, the peak current increased continuously, and the peak maintained a good shape. These agree with the theories on the oxidation reaction with pnitrophenol. The pH value of 4 was taken as the acidity of the reaction system, because of the high peak current, optimal peak shape and small absolute value of the peak potential. Figure 1 . Effects of different surfactants on the reduction peak of p-nitrophenol As shown in Figure 1 , the largest reduction peak of pnitrophenol was observed in the presence of the CTAB. This may be attributable to the fact that, the CTAB boasts the fastest redox reaction among the above surfactants, owing to its suitable length of hydrophobic chain and proper amount of adsorption on the electrode surface. By contrast, the presence of several other surfactants suppressed the peak current, especially emulsifier OP-10.
Optimization of experimental conditions
The effects of different surfactants on reduction peak current of p-nitrophenol
Cationic surfactant
The effect of the CTAB concentration on the peak current and potential of p-nitrophenol reduction is illustrated in Figure  2 . It can be seen that, with the initial growth in the CTAB concentration, the reduction peak current of nitrophenol increased rapidly. A possible reason is that the modified layer on the electrode is very thin or the electrode is not completely modified by CTAB when the concentration of CTAB is low.
When the CTAB concentration reached the range of 3×10 -4 ~ 6×10 -4 mol/L, the reduction peak current of p-nitrophenol tended to be stable after a huge increase. This may be the result of the micelle effect of the CTAB: the peak current of p-nitrophenol changes drastically around the critical micelle concentration (CMC) of the surfactant.
Once the CTAB concentration reached the CMC, the pnitrophenol was surrounded, so that a slightly reduced yet stable amount of p-nitrophenol could reach the electrode surface. Then, the peak current was slightly reduced, and the peak potential was deeply suppressed by the electrostatic effect of CTAB and P-nitrophenol. The CMC of the CTAB concentration is about 3×10 -4 at 20 °C. That is why the reduction peak current of p-nitrophenol reached the valley at the CTAB concentration of 3×10 -4 mol/L. After the CTAB concentration increased to the range of 7×10 -4 ~ 8×10 -4 mol/L, the peak current showed a slight decline, because too much nitrophenol is adsorbed on the long chain of water and the redox reaction proceeds completely.
Figure 2.
Effect of CTAB concentration on the peak current and peak potential of p-nitrophenol reduction
Anionic surfactant
The effect of the SDBS concentration on the peak current and potential of p-nitrophenol reduction is presented in Figure  3 . It can be seen that, with the initial growth in the SDBS concentration, the reduction peak current of nitrophenol decreased deeply, and the reduction peak potential of nitrophenol plunged even more drastically. These trends are resulted from the thin or incomplete modified layer on the electrode at a low concentration of the SDBS.
When the SDBS concentration reached the range of 6×10 -4 ~ 1.2×10 -3 mol/L, the reduction peak current of p-nitrophenol remained basically stable, while the reduction peak potential showed a gradual decline. These trends could be attributed to the electrostatic adsorption with SDBS and p-nitrophenol, making p-nitrophenol unable to reach the electrode surface.
Once the SDBS concentration reached the CMC, the pnitrophenol was surrounded, leaving only a slightly reduced yet stable amount of p-nitrophenol to reach the electrode surface. As a result, the peak current was slightly reduced, while the peak potential had a deep decline. The reduction peak current of p-nitrophenol reached the valley at the SDBS concentration of 1.3×10 -3 mol/L. Figure 3 . Effect of SDBS concentration on the peak current and peak potential of p-nitrophenol reduction
Nonionic surfactants
The effect of Tween 80 concentration on the peak current and peak potential of p-nitrophenol reduction is displayed in Figure 4 . It can be seen that, with the concentration of Tween 80, the reduction peak current of p-nitrophenol started to decrease. This is because the electrode only has a very thin modified layer or not completely modified at a low Tween 80 concentration.
When the Tween 80 concentration climbed to the range of 7×10 -5 ~ 8×10 -5 mol/L, the reduction peak current of pnitrophenol remained basically stable, possibly due to the micelle effect with Tween 80.
Once Tween 80 reached the CMC, the p-nitrophenol was surrounded, such that only a small yet steady amount of pnitrophenol could reach the electrode surface. This brought a steady fluctuation of the reduction peak current. The reduction peak current of p-nitrophenol reached the valley at the Tween 80 concentration of 1.3×10 -3 mol/L. Meanwhile, the absolute value of p-nitrophenol's reduction peak potential increased as the Tween 80 concentration grew from zero to 8.1×10 -5 mol/L, and moved rapidly towards the negative direction as the concentration changed from 1×10 -5 mol/L to 3×10 -5 mol/L. The reason for this trend might be the steady increase in the modified layer or the complete modification of the electrode by Tween 80. In this case, the pnitrophenol can reach the electrode surface under the high potential.
With further increase in the Tween 80 concentration, the reduction peak potential of p-nitrophenol shifted to the negative direction. This is because Tween 80 arrived at the CMC and enclosed the p-nitrophenol, reducing the amount of p-nitrophenol reaching the electrode surface. Under the electrostatic effect of Tween 80 and p-nitrophenol, it is difficult for p-nitrophenol to break through the enclosure of Tween 80. The absolute value of the peak potential will increase once p-nitrophenol reaches the electrode surface.
Figure 4.
Effect of Tween 80 concentration on the peak current and peak potential of p-nitrophenol reduction Figure 5 describes the effect of OP-10 concentration on the peak current and peak potential of p-nitrophenol reduction. It can be seen that the reduction peak current of nitrophenol began to decrease with the initial growth in OP-10 concentration, and reached the valley at the concentration of 8×10 -4 mol/L, owing to the micelle effect of OP-10.
Once OP-10 reached the CMC, it covered up the pnitrophenol. Then, only a steady amount of p-nitrophenol could reach the electrode surface, leading to a stable peak current. The reduction peak current of p-nitrophenol reached the valley at the OP-10 concentration of 8×10 -4 mol/L.
The peak current at 2×10 -4 mol/L changed abrupted because the glassy carbon electrode was not ground and contained the previous reactant, which blocked the reaction of nitrophenol.
Meanwhile, as the OP-10 concentration increased from zero to 2×10 -5 mol/L, the reduction peak potential of p-nitrophenol moved rapidly towards the negative direction. The reason for this trend might be the steady increase in the modified layer or the complete modification of the electrode by Tween 80. In this case, the p-nitrophenol can reach the electrode surface under the high potential.
When the OP-10 concentration changed from 3×10 -5 mol/L to 2×10 -4 mol/L, the reduction peak potential of p-nitrophenol moved slowly in the negative direction. This is because OP-10 arrived at the CMC and enclosed the p-nitrophenol, reducing the amount of p-nitrophenol reaching the electrode surface. Under the electrostatic effect of OP-10 and p-nitrophenol, it is difficult for p-nitrophenol to break through the enclosure of OP-10. The absolute value of the peak potential will increase after p-nitrophenol reaches the electrode surface. Figure 5 . Effect of OP-10 concentration on the peak current and peak potential of p-nitrophenol reduction
CONCLUSIONS
This paper fully compares the electroreduction of pnitrophenol by different surfactant-modified chemical electrodes. The main findings are as follows:
First, the cationic surfactant (CTAB) sensitized and reduced the peak current, reaching the optimal reduction effect at the concentration of 2.95×10 -4 mol/L (8.294×e -5 A).
Second, the anionic surfactant (SDBS) and nonionic surfactants (Tween 80, OP-10) reduced the peak current, and the reduction effect is related to the micelle effect of the surfactants, density of electron cloud and the structure of the active agent.
Third, the surfactants differ in their influence on the reduction peak potential of p-nitrophenol on the glassy carbon electrode: the cationic surfactant suppressed the reduction peak potential at concentrations of 0 ~ 2×10 -4 mol/L, while the other three surfactants cannot reduce the reduction peak potential.
To sum up, the CTAB was selected as the most sensitive material for detecting p-nitrophenol on electrode surface. The research data provide a valuable reference for the design of pnitrophenol sensors.
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